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ABSTRACT
Some Effects of Mechanical Deboning on the Composition and the
Bioavailability of Protein and Iron in Turkey Frame Meat
by
Lowell C. Allred, Master of Science
Utah State University, 1976
Major Professor: Deloy G. Hendricks
Department; Nutrition and Food Sciences
Meat was obtained from a single daily lot of turkey f r ames by
mechanically deboning with a Beehive AU 4171 deboner and by hand
deboning.

The meat was analyzed for protein, fat, moisture, ash,

iron, calcium, and 19 amino acids.

Mechanically deboned turkey

had 68 percent more ash, 74 percent more iron, and nine times more
calcium than the hand deboned turkey meat.
were about equal in the two products.

Other constituents

Protein bioavailability

tests, including protein efficiency ratio, biological value, net
protein utilization, and nitrogen efficiency for growth, did not
reveal significant differences between mechanically deboned and
hand deboned turkey.

Iron bioavailability tests measuring hemo-

globin regeneration in rats did not reveal significant differences
either.

Higher levels of iron in mechanically deboned turkey makes

it a better dietary source of iron than hand deboned turkey meat.

(68 pages)

INTRODUCTION
To discover the nutritive value of a food, more than mere
compositional data on the raw product is necessary (Lachance, 1971).
Some nutrients, though present in a food, may not be available to an
organism (Oldham, 1941; Rubin, 1972).

In addition, processing

alters the content and bioavailability of many nutrients (Bender,

1966; Lawrie, 1968; Rubin, 1972; Bender, 1972).

These variables

necessitate the use of feeding experiments with sensitive and
measurable entities that indicate differences in the utilization
of nutrients for growth and/or maintenance.
The mechanical deboner, used to separate meat from bone, is a
relatively new machine being used extensively by turkey processors.
Little has been reported on the compositional and nutritive effects
of mechanical deboning.

The effects of this new processing method

need to be better understood to protect the consumer and enable
government agencies, food processors, and manufacturing companies
to specify and meet compositional standards.

The purpose of the

research reported here was to determine some of the effects of
mechanical deboning on the composition and the bioavailability of
protein and iron in deboned turkey frame meat.
To accomplish this, samples of mechanically deboned and hand
deboned turkey frame meat were obtained from a similar lot of
turkeys.
5 percent.

The meat was lyophilized to a moisture content of about
Compositional data for the two samples was determin2d
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from proximate analysis and analyses for iron, calcium, and
amino acids.
Protein bioavailability was measured with growing rats.
The protein quality of mechanically deboned turkey was compared to
the protein quality of hand deboned turkey.
standard.

Casein served as a

The methods of evaluating protein quality included

protein efficiency ratio, biological value, net protein utilization,
and nitrogen efficiency for growth.
Iron bioavailability was measured by hemoglobin regeneration
in anemic rats.

Mechanically deboned turkey, hand deboned turkey,

and ferrous sulfate served as the dietary iron sources.
source was compared with the other.

Each iron
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LITERATURE REVIEW

The purpose of this research is to determine some of the
effects of mechanical deboning on the composition and nutritional
value of turkey frame meat.

To better understand the significance

and basis for the research conducted, a brief review of pertinent
literature follows.

Seven topics will be reviewed:

(1) the

economic significance of the turkey industry and the mechanical
deboner, (2) the mechanical deboning process, (3) some uses of
mechanically deboned poultry meat, (4) the composition of turkey
meat, (5) some effects of food processing, (6) some methods of
evaluating protein quality, and (7) the measurement of iron
utilization.
The Economic Significance of the Turkey Industry
and the Mechanical Deboner
Turkey production is a major agricultural industry in Utah.
Turkey sales ranked third in cash receipts in 1974, exceeded only
by dairy and cattle.

Nationally, Utah ranked eleventh in pounds of

turkey produced in 1974, and Sanpete County is among the top ten
counties in the United States in turkey production.

The 3,471,000

turkeys raised in Utah during 1974 resulted in a gross income from
sales totaling 22.3 million dollars, representing a production of
77.1 million pounds liveweight (Stuart, 1975).

For the nation,

total gross income from sales of turkey and turkey meat products in

4
1974 was 679.3 million dollars and 2.4 billion pounds of turkey
we r e rais ed that year.

In 1975, approximately 50 million pounds of

me chanically deboned turkey meat was produced, currently selling for
23 to 29 cents per pound (Steele, 1976).
The mechanical deboner is of increasing use and importance in
meat processing.

This machine originated in Japan and was intro-

duced in the United States in 1964.

In less than 10 years, mechani-

cal deboners from various companies had been installed in virtually
all major countries of the world (Noble, 1974).

A major manufacturer

for de bone rs, Beehive Machinery, Incorporate d, now operates in
Salt Lake City, Utah.

This company alone has equipment operating

in 26 foreign countries.

They do have approximately 350 machines

op e rating in the meat industry in the United States (Taylor, 1976).
The Mechanical Deboning Process
Starting with the whole dressed turkey, the first step in
mechanical deboning is the removal of the neck and higher quality
cuts such as the wings, legs, and breast meat.

The turkey frame

remaining can then be ground by a powerful meat grinder and
mechanically deboned.
The deboner consists of a powerful auger fitting tightly into
a perforated conical cylinder.
and bone are forced forward.

As the auger turns, the ground meat
Pressue builds up forcing meat, fat,

bone marrow, some cartilage and sinew, and minute bone particles
through the tiny perforations, measuring 0.79 mm in diameter in the
Beehive AU 4171 model.

The mechanically deboned meat forced through
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the perforations is a homogeneous emulsion used in many processed
meat products.

The remaining bone and fibrous material is extruded

through grooves at the end of the perforated cylinder (Gillett, 1973).
This material is collected as a by-product for rendering or pet food.
With its large capacity, the mechanical deboner has made previously
uneconomical cuts of meat more marketable and valuable to the
processor and consumer (Mendenhall, 1973).
Some Uses of Mechanically Deboned Poultry Meat
Mechanically deboned poultry meat is used in further processed
meat products such as frankfurters, sausages, turkey rolls and
patties, and baby foods (Taylor, 1976).

Inclusion of poultry meat

at a 15 percent level in frankfurter formulations was permitted by
the United States Department of AgricJlture in 1969.

At this l evel

it is not necessary to change the name of the product, provided
poultry meat is included in the ingredients list (Froning et al,
1971).

Many researchers have investigated the physical, functional

(Schnell el al., 1973), emulsifying (Froning, 1970; Froning and Janky,
1970; Anderson and Gillett, 1974), and organoleptic (Dimick, MacNeil,
and Grunden, 1972) characteristics of mechanically deboned poultry
meat as an ingredient in processed meats.

Froning et al., (1971)

demonstrated that 15 percent mechanically deboned turkey meat incorporated into red meat franks did not adversely affect flavor quality,
flavor stability, emulsion stability, or microbiological quality,
provided freshly deboned turkey meat was used.

Blackshear, Hudspeth,

and May (1966) formulated recipes for frankfurters using mechanically
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deboned poultry necks as the only meat component, resulting in a
product of very high flavor and texture quality.

They also made

frankfurters with acceptable organoleptic qualities from 40 percent
mechanically deboned necks,

15 percent gizzard, 5 percent chicken

heart, and 40 percent beef.
In Pennsylvania in 1968, a processor of prepared poultry products used a mechanical deboner to remove meat from turkey frames
which were uneconomical to debon e by hand.
were sold as bone for 1/2 cent per pound.

Previously, the frames
With the deboner, a

35 percent meat yield from 100 percent frames could be obtained and
sold for 20 cents per pound; and the extruded bones, gristle, and
sinew was still sold as a by-product (Food Engineering, 1970).
In Saskatchewan, Canada, a mechanical deboner was used to debone
chicken necks and backs, trim parts, and fm,,l and turkey carcasses
with meat yields of 56-60 percent.

The deboned meat was sold to red

meat processors for use in bologna, frankfurters, and other sausage
products (Noble, 1974).

Dimick, MacNeil, and Grunden (1972) reported

a capacity for the deboner of up to 1 ton of raw material per hour,
making poultry necks and backs competitive with other types of
raw meats.

The Composition of Turkey Meat

As described above, mechanical deboners grind, crush, and
"filter" the turkey frames, causing the inclusion of meat, tiny bone
particles, and bone marrow in the final product but excluding some
cartilage and sinew and most bone.

Therefore, mechanically deboned
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meat can be expected to have higher levels of calcium (Grunden and
MacNeil, 1973) and lower levels of hydroxyproline (Field and Riley,
1974; Field, Riley, and 8orbridge, 1974a).

Since 1971, federal

regulations have allowed up to .1 percent bone solids in mechanicall y
deboned meat (Grunden and MacNeil, 1973).
For purposes of comparison, compositional data of hand deboned
whole turkey and mechanically deboned turkey frames will be presented.
Watt and Merrill (1963) reported the edible portion of raw turkey
meat as follows:

moisture, 64.2 percent; protein, 20.1 percent;

fat, 14.7 percent; ash, 1 percent.

The iron content of turkey meat

is also given by Watt and Merrill (1963) as 10 parts per million for
light meat and 20 ppm for dark meat.

Scott (1956) reported the

composition of three different varieties of turkey at various ages.
The proximate analys is given for mature (26 weeks), male, broadbreasted varieties (raw, edible portion) follows:

moisture, 64-68

percent; protein, 21-22 percent; fat, 9.5-14 percent; ash, 1,0-1,1
percent.
The composition of mechanically deboned turkey frames was
reported by Essary and Ritchey (1968):

moisture, 69.2 percent;

protein, 12.5 percent; fat, 13.7 percent.

In 1972, Grunden, MacNeil,

and Dimick published the proximate analysis for mechanically deboned
turkey frames from 24 week-old male turkeys:
protein, 12.8 percent; fat, 12.7 percent.

moisture, 73.7 percent;

Grunden and MacNeil (1973)

also reported percent bone solids after mechanically deboning:
young turkey racks, 0.32, and mature turkey racks, 0.55.

No data

could be found in the literature stating the level of iron in
mechanically deboned turkey.
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Comparison of hand deboned whole turkey _and mechanically deboned
turkey frames reveals significant differences in various components.
The references cited indicate an approximate 35 percent decrease in
protein and the presence of 0.32 to 0.55 percent bone solids in the
mechanically deboned turkey.

The bone solids could provide an

increase of calcium from 0.015 percent in conventional turkey meat
to 0.066 to 0.14 percent in mechanically deboned turkey meat
(Grunden and MacNeil, 1973).
Essentia l amino acid analysis of cooked turkey meat has been
reported by Scott (1959) (Tabl e 1).

Essary and Ritchey (1968)

reported the amino acid composition of mechanically deboned turkey
frames (Table 1).

Some of the differ ences in amino acid levels

betwee n the hand deboned and mechanically deboned meats are due to
analytical and procedural variables.

Essary and Ritchey (1968)

employe d a Technicon amino acid analyzer while Scott (1959) determined amino acid levels with microbiological assays.

In general,

Scott (1959) reported higher leve ls of each amino acid than Essary
and Ritchey (1968), but direct comparison is not justified because
of the differences in analytical method.

Age and species of t urk ey

also effect compositional data (Scott, 1956; Grunden and MacNeil,
1973).

Some Effects of Food Processing
Food processing alters the nutritional quality of foods (Bender,
1966, 1972; Lawrie, 1968; Rubin, 1972).

Freezing meats and storing

under controlled conditions for periods of 1 to 2 years has few
adverse effects on the quality of meat (Lawrie, 1968).

Freeze-drying
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Table 1.

Amino acid composition of mechanically deboned turkey
frame meat (MDT) and turkey breast and l eg meat.

Amino acid

Scott (1959)b
Essary and Ritchey (1968)a
Breast
and leg
MDT
(grams amino acid per 100 g protein)

Alanine

3.52

Valine

3.06

Glycine

3.48

5.1
5.0

Isoleucine

7.6

Leucine

4.49

Proline

2.79

Threonine

1.72

Serine

1. 55

Methionine

1.82

2.6

Phenylalanine

2.68

3.7

Aspart ic acid

5.73

Glutamic acid

9.70

Tyrosine

2.13

1.5

Lysine

4.83

9.0

Histidine

2.13

3.0

Arginine

4.64

9.0

Cysteine

0.93

1.0

Tryptophan

a Analyzed by Technicon amino acid analyzer.
b

Analyzed by microbiological assays.

4.0

0.9
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and storage for 6 to 12 months under controlled conditions also
shows little damage to quality; however, with moisture level s above
1.5 percent, rancidity of fats does occur (Lawrie, 1968).

DeGroot

(1963) found that accelerated freeze-drying did not damage the
nutritional value of protein in chicken, beef, and fish; but drying
under hot air and drying under vacuum lowered the protein quality of
fish and beef.

Bender (1966) reported that severe temperatures
0

(internal temperature above 80 C) maintained over 3 hours damaged
the biological value of meat protein.

Many other researchers

(Poling, Schultz, and Robinson, 1944; Schroeder, Iacobellis, and
Smith, 1961; Rice and Robinson, 1944; Bender, 1966) have reported
that dehydrating, canning, and cooking at ordinary temperatures did
not significant ly affect the bioavailability of meat protein.
Heat processing has generally been reported to have an enhancing
effect on the availability of iron in foods.

The effects of heating

on the bioavailability of iron in meat was examined by Oldham (1941)
and Turnbull, Cleton, and Finch (1962) with varying results.

Oldham

(1941) reported an average gain in hemoglobin of 9 g per 100 ml of
blood for rats fed oven-dried beef; while rats fed vacuum-dried
beef had hemoglobin gains of only 5 g per 100 ml, indicating a
beneficial effect of heat on iron utilization.

In contrast, Turnbull,

Cleton, and Finch (1962) found that boiling meat for 15 minutes did
not alter the absorption of heme iron in man.

The differences in

experimental methods may account for this variance in observations
between the two research groups.

Other researchers (Theuer et al.,

1971; Theuer et al., 1973) also report beneficial effects of heat
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processing on the availability of iron salts in soy isolate and
milk-based liquid infant formula products.
Mechanically deboning is a processing method that affects the
composition of meats (Satterlee, Froning, and Janky, 1971; Grunden,
MacNeil, and Dimick, 1972; Grunden and MacNeil, 1973; Anderson and
Gillett, 1974).

Hand deboned mutton has a higher connective tissue

content, indicated by higher hydroxyproline levels (Field, Riley,
and Corbridge, 1974; Field and Riley, 1974).

Dahl (1960) reported

an absence of tryptophan in connective tissue.

Dvorak and Vognavora

(1969) and Dvorak (1972) utilized the content of hydroxyproline in
different animal tissues to predict their protein quality.

Dvorak

(1972) reported a significant inverse correlation between hydroxyproline levels and protein utilization.

Lower levels of hydroxy-

proline in mechanically deboned meats (Field, Riley, and Corbridge,
1974a; Field and Riley, 1974) could possibly improve their protein
valu e .

Mechanical deboning also increases the calcium content of

meat (Grunden and MacNeil, 1973; Field, Riley, Corbridge, 1974b;
Field and Riley, 1974).

Some Methods of Evaluating Protein Quality
Amino acid score
In assessing the nutritional value of proteins, many methods
have been devised.

The chemical score, amino acid score, or protein

score is an analytical method comparing the essential amino acid content of a test protein to the content in an ideal or reference protein based on the needs of growing children.

The Food and Agriculture

Organization/World Hea.lth Organization Joint Committee
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proposes the essential amino acid pattern given in Table 2 for the
provisional reference protein and calculates the amino acid score of
a protein or mixture of proteins as follows:
Amino acid score

= mg of amino acid in 1 g test protein x 100
mg of amino acid in 1 g reference pattern

The amino acid score is simply the percent of adequacy of a
test protein compared to a reference protein.

If the essential

amino acid with the lowest score is taken, the score may be interpreted as an estimate of the utilization of the protein or mixture
(FAO/WHO, 1973).

The lowest score determines the utilization because

it has been observed that all the essential amino acids must be
present at the site of protein synthesis in adequate amounts before
synthesis can occur (Mitchell and Block, 1946; Deshpande et al.,
1955; Harper et al., 1955; Hundley et al., 1957).

In addition to

essen tial amino acids, non-essential amino acids and/or non-protein
nitrogen must also be adequate at the site of synthesis (Irwin and
Hegsted, 1971).
Chemical scoring of proteins has its strengths and limitations.
Rubin (1971) suggests this method for product quality control in
the protein foods industry.

The analysis is relatively fast, lend-

ing itself more readily to quality control than biological methods.
Good correlation has also been found between chemical scores and
several biological tests (Block and Mitchell, 1946; Mitchell and
Block, 1946).

However, chemical scoring is limited in that true

absorption and utilization of a protein is only assumed, and the
methods used for amino acid analysis often lack good sensitivity
(Guilbault and Hieserman, 1968).

Problems of sensitivity, accuracy,
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Ta bl e 2.

Provisional amino acid scoring pattern. (FAO/WHO, 1973)

Suggested levels
Amino acid
mg per g of protein

mg per g of nitrogen

40
70
55
35
60
40
10
50

Isoleucine
Leucine
Lysine
Methionine + cystine
Phenylalanine + tyrosine
Threonine
Tryptophan
Valine

350

Total

250
440
340
220
380
250
60
310

--2,250

and precision have recently been reduced with advanced methods of
gas-liquid chromatography (Kaiser et al., 1974).
Other methods of assessing the nutritional value of proteins
are the bioassays in which the protein in question is fed to experimental animals, usually rats, and a variable such as growth or
maintenance is compared to the same variable when a standardized
protein is fed simultaneously under similar conditions.

These bio-

assays include dozens of variations, but the major methods are protein efficiency ratio (PER), biological value (BV), and net protein
utilization (NPU).

Another is nitrogen efficiency for growth (NEG).

Protein efficiency ratio
Early attempts to quantitatively compare the nutritive value of
proteins were conducted by Osborne and Mendel (1915, 1916) and
Osborne, Mendel, and Ferry (1919).

From these studies, the concept
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of a protein efficiency ratio was formulated as the ratio of grams
of body weight gained to the grams of protein consumed during a
specified time.

Derse (1960) and Chapman, Castillo, and Campbell

(1959) described in detail the methods for determining PER under
standardized conditions.

Weanling male rats, 20 to 23 days of age,

are fed diets limiting only in protein, generally at a 10 percent
level, during a 4-week period.

A standardized protein, normally

casein, is fed simultaneously for comparative purposes.
Because of its simplicity, PER has become the most extensively
used measure for evaluating the nutritive value of proteins in food.
Block and Mitchell (1946) have reported good correlation between PER
and amino acid score, BV, and NPU.

Henry (1965) also reported

significant, positive correlation between PER and NPU.
Still, major and valid criticisms of PER have been emphasized.
First, the assumption that a gain in body weight is proportional to
a gain in tissue protein is not always true (Barnes et al., 1945;
Bender and Doell, 1957; Frape et al., 1968).

Second, the assay does

not account for maintenance requirements in the test animal (BoasFixsen, Hutchinson, and Jackson, 1934; Bender and Doell, 1957).
Third, since PER varies with food intake, an unpalatable food will
adversely affect the result, even if the food contains a high quality
of protein (Barnes et al., 1945; Bender and Doell, 1957; Morrison and
Campbell, 1960; Frape et al., 1968; Lachance, 1971).

Fourth, PER

varies inversely with duration of feeding period and dietary protein
levels (Morrison and Campbell, 1960; Braham et al., 1967).
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Biological value
Biological value is a more laborious method of determining
protein quality.

It was defined in 1909 by Karl Thomas as the

fraction of absorbed nitrogen retained in the body for growth and
maintenance (Mitchell, 1924a, 1924b).

To determine absorbed and

retained nitrogen, a great deal of data must be collected, including
nitrogen intake (I), fecal nitrogen (F), urinary nitrogen (U), endogenous fecal nitrogen (Fo), and endogenous urinary nitrogen (Uo).
Nitrogen intake is calculated from the percent nitrogen in the diet
multiplied by the amount of diet ingested over the period of study,
usually 10 days.

Fecal nitrogen is determined by Kjeldahl method

from the fecal droppings collected over the same period, and urinary
nitrogen is determined from the urine in like manner.

The endogenous

fecal and urinary nitrogens theoretically account for the loss of
nitrogen that occurs within the organism due to sluffing of cells
and protein change over.

This loss will be a portion of the total

urinary and fecal nitrogen.

To account for the endogenous losses,

a protein-free diet is fed during the same 10-day period.

The fecal

and urinary nitrogen determined from this group represent the endogenous losses from proteins already in the body (Mitchell, 1924a,
Mitchell and Carman, 1926).

With this data collected, BV is calcu-

lated as follows:
BV = Retained N x 100 = I - F + Fo - U + Uo x 100
Absorbed N
I - F + Fo
To determine the biological value for a test protein, at least
three groups of rats need to be fed over a 10-day period.

One group

16
must be fed a protein-free diet for endogenous nitrogen determinations.

Another group is fed a diet with a standard protein,

such as casein, at a 10 percent protein level.
fed the test protein at a 10 percent level.

The third group is

All other nutrients in

the three diets must be adequate in amount for normal growth and as
quantitatively similar in the three diets as possibl e.

The feces

and urine must be separated and collected during the 10-day period
and kept for nitrogen analysis (Mitchell, 1924a, 1924b; Mitchell
and Carman, 1926).
Biological value is based on the logical assumption that
higher quality proteins will be retained for growth and maintenance
to a better degree than will lower quality proteins (Mitchell and
Carman, 1926).

However, since BV is the fraction of the absorbed

nitrogen that is retained in the body, a correction for incomplete
absorption is not included (Wohl and Goodhart, 1968).

A more con-

tested assumption is that endogenous nitrogen values are the same
for animals fed protein-free diets and animals fed protein containing diets (Miller, 1944; Brush, Willman, and Swanson, 1947; Allison,
Anderson, and Seeley, 1947).

Biological value also varies with food

intake and with the status of the animal (Mitchell, 1924a, 1924b,
1924c; Allison, 1955; Henry and Kon, 1947; Henry, 1965).

Net protein utilization
Net protein utilization was defined by Bender and Miller (1953)
and Miller and Bender (1955) as the difference in carcass nitrogen
between a protein-fed group and a protein-starved group, divided by
the nitrogen consumed by the test group:
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NPU

Retained nitrogen x 100
Nitrogen intake

=

Bf - Bk

+ Ik x 100

If

where Bf is the carcass nitrogen of a group fed a 10 percent protein
diet, Bk is the carcass nitrogen of a group fed a protein-free diet,
and If and Ik are the nitrogen intakes of the respective groups.
Net protein utilization reflects the percentage of protein retained
r ela tive to that consumed and takes into consideration the true
digestibility of a protein.

Net protein utilization can also be

expressed as BV x digestibility or absorption (Bender and Miller,
1953):
NPU

=

(I

X

F + Fo
U+
I - F + Fo

~o)

x (I - F + Fo) x 100
I

I - F + Fo - U + lb
I

100

(Refer to the sections on BV for definition of symbols.)

While BV

indicates the proportion of the nitrogen absorbed that is retained,
NPU indicates the proportion of the nitrogen intake that is retained.
The test groups are generally fed the diets for a 10-day period.
The advantages of NPU over BV are that digestibility is accounted
for and a simpler method of determination in available using carcass
nitrogen rather than fecal and urinary nitrogens.

Similar to BV,

NPU is based on the assumption that endogenous nitrogen losses are
equivalent for protein-fed and protein-starved animals.

Rao (1969)

proposes a slight modification to correct for endogenous nitrogen
by calculating the maintenance nitrogen requirements of the experimental rats on the basis of their body surface area and the loss in
body nitrogen of rats fed a protein-free diet.

Like PER, NPU varies

inversely with duration and dietary protein level (Miller and Payne,
1941; Henry, 1965; Braham et al., 1967).

18

Nitrogen efficiency for growth
Nitrogen efficiency for growth measures the efficiency of conv e rting absorbed nitrogen into carcass nitrogen:
NEG

=

Carcass nitrogen final - Carcass nitrogen initial x 100
Intake nitrogen
Fecal nitrogen

Initial carcass nitrogen is estimated for each test animal by determining the grams of carcass nitrogen per gram body weight in at
least five randomly selected rats at the start of the experiment.
Nitrogen efficiency for growth is a measure of dietary nitrogen
utiliz e d for growth (Mahoney, Lopez, Hendri cks, 1975).

The Measurement of Iron Utilization
Evaluating the nutritional value of iron in foods is a problem
that has received extensive attention since the early studies of
Rose and Kung in 1932.

Factors complicating the measurement of iron

utilization can be grouped under four categories:

(1) the entity

measure d, (2) the experimental species, (3) the iron source, and
(4) the dietary components.
The e ntity measured
The entiti e s commonly measured rating iron sources for their
nutritional value are absorbed iron, total body iron, and hemoglobin
formation.

Absorbed iron is normally determined by feeding iron

salts on radioactively tagged foods and salts and determining the
percent iron retained in the blood after a

give ~

period of time.

Turnbull, Cleton, and Finch (1962), Pla and Fritz (1971), Cook et aL,
(1972), Layrisse (1972), Layrisse et al., (1973), Layrisse et al.,
(1975), Pennell et al., (1975), and Pennell et al., (1976) have used
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this method with human volunteers; and Wheby, Suttle, and Ford
(1970) have applied a similar technique to research using rats.
A second method of measuring iron absorption was reported by
Hinton and Moran (1967) as the difference between food iron consumed
and fecal iron divided by the food iron consumed.

Results using

this method are fairly accurate because very little iron from body
stores is lost in the urin or feces.

Normally, the iron ingested

i s e ith e r absorbed and utilized or simpl y not absorb e d and e xcr e t e d
i n th e f e ce s.

Researchers reporting iron absorption assume a high

utilization of absorbed iron for vital metabolic functions.
Total body iron gained measured the change in body iron after
fe eding experimental diets to growing or anemic rats during a
specified time period (Rose and Kung, 1932; Freeman and Burrill,
1945; Bing, 1945).

Freeman and Burrill (1945) found a good corre-

lation between iron retention and hemoglobin regeneration.

Initial

iron levels are determined from a repres e ntative group of exp e rimental animals killed at the beginning of the feeding period.

This

me thod is s impl e in design but assumes total body iron (including
stores) to be indicative of iron utilization for necessary metabolic
functions.
Hemoglobin formation after feeding experimental diets is the
most common method of describing iron utilization (Rose and Kung,
1932; Nakamura and Mitchell, 1943; Pye and MacLeod, 1946; Blumberg
and Arnold, 1947; Pla and Fritz, 1971; Theuer et al., 1971; Mahoney,
Van Orden, and Hendricks, 1974; Pennell et

al., 1976).

Greater

sensitivity in evaluating the availability of iron foods and salts
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is obtained using iron-deficient animals fed an iron limiting diet
over short time periods of nbout 15 days (Ranhotra, llcpburn, and
Bradley, 1971).

Since the major concern for dietary iron is hemo-

globin synthesis for the prevention or cure of anemia (Bing, 1972),
and since changes in hemoglobin levels are most affected by iron
intake (Cusack and Brown, 1965), this entity is very appropriate
for food iron evaluations.

However, few researchers report hemo-

globin formation studies with human subjects.
Hemoglobin formation is referred to as hemoglobin regeneration
when the experimental organism is made anemic prior to receiving the
t est diets.

Hemoglobin regeneration is generally describ ed as a

gain in hemoglobin concentrations (grams pe r 100 ml of blood).

This

expression neither accounts for differences in iron consumption nor
differences in total hemoglobin synthesis due to growth variation.
The differences in total hemoglobin formed may be accounted for by
es timating the volume of blood in a rat as 6.7 percent body weight.
The amount of hemoblogin in the blood is given by spectrophotometric
determination of hemoglobin concentration.

Since 3.35 percent of

the weight of hemoglobin is iron (Millikan, 1939), hemoglobin iron
gain can be calculated.

Using iron intake data (obtained from diet

analysis and food consumption data), hemoglobin regeneration can
then be expressed as hemoglobin iron gain per iron intake, weight per
weight (Mahoney, Van Orden, and Hendricks, 1974).

Reporting hemo-

globin regeneration in this manner yields a more sensitive and meaningful test than mere change in hemoglobin concentration.
regeneration will be the entity reported in this research.

Hemoglobin
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The experimental species
The problems related to the choice of the experimental species
are many.

In iron availability research, the human being is gene-

rally the target organism; therefore, experiments conducted using
animals should have meaningful application to man.

Moore et al.,

(1944) studied the absorption of ferrous and ferric radioactive iron
by human subjects and dogs.

They reported a significant difference

between the ability of these two species to absorb and utilize ionic
iron forms.

Pennell et al., (1976) also demonstrated differences

between rats, chicks, and humans in their ability to utilize or
absorb supplemental iron sources fed with different carbohydrates.
However, other researchers have reported very similar absorption of
reduced iron and ferrous and ferric salts in both man (Steinkamp,
Duback, and Moore, 1955) and rats (Hinton and Moran, 1967).

Colla-

borative studies reported by Pla and Fritz (1970), Fritz et al.,
(1970), and Pla and Fritz (1971) demonstrate similar hemoglobin
regeneration responses in both rats and chicks fed several different
iron salts.

They also reported a similar ranking of ferrous sulfate,

reduced iron, sodium iron pyrophosphate, ferric orthophosophate, and
ferrous carbonate, determined either by hemoglobin regeneration in
animals or by increases in plasma iron in human volunteers.
The iron status of the experimental organism also has a direct
effect upon the results of iron bioavailability studies.

Moore et

al., (1944) observed that both iron deficient human subjects and
iron depleted dogs absorbed and assimilated dietary iron more
efficiently than their counterparts with adequate iron stores.
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Steinkamp, Dubach, and Moore (1955) reported the absorption of four
iron salts baked into bread and fed to human volunteers.

Twenty-

eight healthy men and women absorbed and utilized 1 to 12 percent
of the iron in the enriched bread samples while three iron-deficient
patients absorbed 45 to 64 percent of the iron ingested.

Wheby,

Suttle, and Ford (1970) reported a 20-fold increase in heme iron
absorption for iron-defecient rats over iron-loaded rats.

Two times

more heme iron entered the intestinal mucosa and 3 times more iron
(not as heme) was transported to the carcass of the iron deficient
rat.

Ranhotra, Hepburn, and Bradley (1971) demonstrated differences

in hemoglobin regeneration in response to various dietary iron
sources fed to anemic rats that other researchers could not distinguish using healthy rats.

Dr. Stanley Schade (1974) states than an

iron-deficient patent absorbs about 40 percent of the elemental iron
given as ferrous sulfate in the usual dose of 300 mg 3 times a day,
a much higher absorption than that reported for healthy people.
Layrisse et al., (1975) reports that the poorly absorbed purified
ferritin iron from meats is utilized approximately 6 times better in
the iron-deficient man compared to the normal.
In addition to the differences in iron absorption and utilization due to species and iron status of experimental animals, Rose
and Kung (1932) reported a 20 to 64 percent higher hemoglobin gain
per gram of body weight and a greater iron storage a bility for the
female rat.

Thus, a difference in iron utilization is observed

between sexes as well.
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The iron source
The third category of factors influencing iron availability are
those related to the source and form of iron in the diet.

Layrisse

et al., (1973), Layrisse (1972), and Finch (1969) have reported that
iron in animal protein is 10 to 30 percent absorbed in man while
iron from vegetable sources is only 2 to 10 percent absorbed.

Rose

and Kung (1932) and Mahoney, Van Orden, and Hendricks (1974)
reported higher hemoglobin regeneration in rats fed animal sources
compared to rats fed wheat flours.

But, Fritz et al., (1970) stated

that there is no clear distinction in iron utilization for the rat
between plant and animal sources of iron.

He also reports that

inorganic iron is better utilized than food iron.
Turnbull, Cleton, and Finch (1962), Wheby, Suttle, and Ford
(1970), Cook et al., (1972), and Layrisse et al., (1973), demonstrated different mechanisms of absorption for iron from animal
sources versus iron from all other sources.

They assigned animal

source iron to a heme iron pool and non-animal sources to a nonheme iron pool.

According to these researchers, non-heme iron

absorption is altered by dietary components, total iron intake, and
the iron status of the individual.

Heme iron in its natural state,

however, is not affected by other dietary and physiological
conditions.
The ionic form of the iron ingested also affects absorption and
utilization.

According to Moore et al., (1944), Elwood (1965), and

Schade (1974) ferrous salts are absorbed much more readily by man
than are ferric salts.

Steinkamp, Dubach, and Moore (1955), Elwood
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(1965), Hinton and Moran (1967), and Layrisse et al., (1973)
reported that both ionic forms are utilized equally well by experimental animals; but other investigators, Rose and Kung (1932),
Nakamura and Mitchell (1943), Freeman and Burrill (1945, Blumberg
and Arnold (1947), Pla and Fritz (1970), and Theuer et al., (1971)
have demonstrated significant differences in the assimilation of
iron salts.

Fritz et al. (1970) reported that measurement of human

plasma iron levels following ingestion of five iron salts, including
reduced iron and ferrous and ferric salts, resulted in differences
comparable to those obtained using the animal data.
is far from settled.

The controversy

Ionic forms if iron apparently differ in their

ability to be assimilated in both man and animals, but these
differences are difficult to define.
The dietary components
Many dietary factors significantly influence iron bioavailability.

Animal proteins (Layrisse, 1972; Layrisse et al., 1975),

vitamin C (Steinkamp, Dubach, and Moore, 1955; Elwood and Waters,
1969; Fritz et al., 1970; Cook et al., 1972), cop?er (Rose and
Kung, 1932; Rose, Vahlteich, and MacLeod, 1934; Pye and MacLeod,
1945; Onderka and Kirksey, 1975), and vitamin E with vitamin C
(Fritz et al., 1970) have all been reported to have beneficial
effects on iron absorption and utilization.

Phytic acid (Nakamura

and Mitchell, 1943; Blumberg and Arnold, 1947; Schade, 1974) plant
protein (Layrisse, 1972; Layrisse et al., 1975), cholesorol (Onderka
and Kirksey, 1975), egg yolk (Sherman, Elvehjem, and Hart, 1934;
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Bing, 1972), and a lack of cobalt (Schade, 1974) have all be e n tagged as inhibitors to iron availability.

Food proces s ing (Oldham,

1941; Theuer et al., 1973), type and amount of lipids (Ond e rka and
Kirksey, 1975), type and amount of carbohydrates (Pennell, et al.,
1976), particle size of elemental iron powders (Pennell et al.,
1975), calcium and phosophorus (Bing, 1972), and cellulose (Fritz
et al., 1970) have all been implicated in affecting iron absorption
in some way.

Dietary components may enhance, inhibit, or have

little effect on iron absorption.

When examining the iron intake

of any species for dietary or experimental reasons, the total diet
must be considered.
Sinc e dietary iron is of vital concern today with the pr e valence of anemia reported in the United States and throughout the
world, studies of iron bioavailability are especially important.
One needs to conclude from the review of available literature that
the method of evaluating iron sources, the experimental species,
the ionic forms and sources of iron, and other dietary components
all need to be considered in evaluating dietary iron sources and
interpreting experimental results.
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EXPERIMENTAL PROCEDURE
To facilitate the description of experimental procedures, five
sections will follow;

(A) Sample collection, (B) Meat composition,

(C) Protein bioavailability, (D) Iron bioavailability, and (E)
Statistical analysis.

Sample Collection

Grade C, 14.5 kg tom turkeys from a single daily allotment were
donated by Moroni Cooperative Plant, Moroni, Utah.

After defrost-

ing, the wings, legs, breast meat, and necks were removed from the
turkeys and the frames either mechanically deboned or hand deboned.
The mechanical deboner was a Beehive AU 4171 model, manufactured
by Beehive Machinery, Incorporated, 9100 South 500 West, Salt Lake
Cit y , Utah.

Turkey frames were first ground through a 1.3 em plate.

The perforations in the cylinder of the mechanical deboner were 0.79
mm in diameter.

Yield of mechanically deboned meat was 68 percent,

resulting in 36 kg of meat.
Fifty frames were hand deboned using stainless steel knives.
Yield of hand deboned meat was 44 percent; a total of 49 kg was
obtained.

The hand deboned meat was ground through a 3.2 mm plate

of a meat grinder.

Both mechanically deboned and hand deboned meats

were then lyophilized to about 5 percent moisture.

Weights before

and after lyophilization were recorded for moisture determination.
The dry products were then ground through a 3.2 mm plate, packaged,
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and stored at 5°C for proximate analysis, iron and calcium analyses,
and amino acid analysis.

The lyophilized products were also used in

the diets for bioavailability tests.
Meat Composition

Proximate analysis
Moisture determination was done in triplicate.

Samples were

0

oven-dried at 95 C for 12 hours and moisture determination calculated by weight difference on an analytical balance.
Crude protein was determined by macro Kjeldahl method.

Percent

nitrogen x 6.25 yielded crude protein.
Lipds (ether extracts) were determined by the Goldfinch method
using petroleum ether.
Ash determinations were conducted in triplicate on samples
weighing about 5 g.

After charring on a hot plate, samples were

ashed in a muffle furnace at 600°C for 24 hours.

The ash was

analyzed for iron and calcium.
Iron and calcium analyses
Deionized water and acid rinsed crucibles and glassware were
utilized throughout.

For iron determination, the ash from each

sample was dissolved in 5 ml of 6N nitric acid and diluted to 50 g
with water.

Samples for calcium analysis were made by diluting

aliquots of the ash solution 1:1000 in a strontium chloride solucion
(30 g Srcl

2

+ 10 g NaCl per liter of water).

Appropriate mineral

standards of known concentration were made up and the samples
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analyzed for iron and calcium using a Varian Techtron AA 120 atomic
absorption spectrophotometer.

Amino acid analysis
Freeze-dried samples were sent to Analytical Biochemistry
Laboratories, Incorporated, Columbia, Missouri, for amino acid
analysis.

Amino acid levels were measured using gas-liquid chroma-

tography, described by Gehrke, Kuo, and Zumwalt (1971) and Kaiser
et al. (1974).

The meat sample was hydrolyzed by pronas e for

tryptophan analysis (Spies, 1967).
Protein Bioavailability

Diet preparation and composition
Four diets were formulated (Table 3) and mixed in a stainless
steel mixer.

All nutrients except protein were provided at adequate

and similar levels.

The protein sources were freeze-dried mechani-

cally deboned turkey frame meat (MDT, freeze-dried hand deboned
turkey frame meat (HDT), and casein.
tein free.
method.

One diet was essentially pro-

The diets were analyzed for protein by the macro Kjeldah l

Fat levels were balanced in all the diets by adding Mazola

corn oil in appropriate amounts.
cellulose.

Fiber was supplied by alpha-

A mineral mixture was formulated (Table 4) and added to

meet the mineral requirements for growing rats (National Academy of
Sciences, 1972).

The vitamin mixture (Table 5) was supplied by

Nutritional Biochemicals Corporation, Cleveland, Ohio.

The amount

of dextrose added to each diet was adjusted to maintain approximately
equal proportions of the other nutrients.

Table 3.

Composition of experimental diets used to determine protein bioavailability (grams per
100 g diet).

EXPERIMENTAL DIETS
INGREDIENT
Protein-free
Caseinc

Casein

MDT a

HDTb

11.12

MDT a

18.07

HDTb

16.62

Mazola corn oil

10.00

10.00

2.63

3.83

alpha-cellulose

5.00

5.00

5.00

5.00

mineral mixd

3.50

3.50

3.00

3.00

vitamin mixe

2.00

2.00

2.00

2.00

79.50

68.94

69.30

69.55

0.25

8.31

10.43

11.12

dextrose
Protein analysis

aMechanically deboned turkey, freeze-dried; bHand deboned turkey, freeze-dried; cCasein, 87 percent
protein; dMineral mixture, Table 4; eVitamin mixture, Table 5.
N
\.0

Table 4.

Mineral mixture added to diets used in determining protein bioavailability.

Salt

g salt/kg mixture

Mineral

Cuso4 • 5 H2 0

0.7

Cu

KI

0.004

I

MgC0 3
Mnso 4 · H20

mg salt/kg diet
ra
nb
24.5
0.14

21.0
0.12

44.4

Mg

1550

1330

5.4

Mn

189

162

27100

23200

CaHP04 • 2 H20

773.7

Ca/P

K Cl

120.5

K

4220

3620

Na Cl

47.6

Na

1670

1430

Znso
Feso

4

' 7 H20

1.8

Zn

4

• 7 H20

6.0

Fe

63.0
210

aadded to the protein-free and casein diets as 3.50 percent of diets.
badded to the MDT and HDT diets as 3,00 percent of diets.

54.0
180

31

Table 5.

Vitamin mixturea used in diets for bioavailability
experiments.

Vitamin

g/kg mixtureb

mg/kg diet

Vitamin A concentrate
(200,000 unites per gram)

4.5

90

Vitamin D concentrate
(400,000 units per gram)

0.25

Alpha-tocopherol

5.0

100

45.0

900

5.0

100

75.0

1500

Ascorbic acid
Inositol
Choline Chloride

5

Menadione

2.25

45

p-Aminobenzioc acid

5.0

100

Niacin

4.5

90

Riboflavin

1.0

20

Pyridoxine hydrochloride

1.0

20

Thiamine hydrochloride

1.0

20

Calcim pantothenate

3.0

60

Biotin

0.020

0.4

Folic acid

0.090

1.8

Vitamin B12

0.00135

0.27

aVitamin Diet Fortification Mixture supplied by Nutritional
Biochemicals Corporation, Cleveland, Ohio.
b

These amounts were made up to 1 kg with dextrose.
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Animals, animal care, and data collection
Forty-eight weanling Sprague-Dawley male rats were purchased
from Simonsen Laboratories, Incorporated, 1180 C Day Road, Gilroy,
California, 95020.

These were alloted by weight into five groups

of eight rats, ranging in weight from 74 to 102 g.
weight of the rats in each group was 89 g.
assigned to one of the diets.

The average

Four groups were randomly

The fifth group was terminated on day

one for determining the initial carcass nitrogen content used in
calculating NEG.
The rats were housed individually in stainless steel Wahman
rat metabolism cages.

Food and water were provided ad libitum and

record was kept of food consumed.

The rats were weighed at the

start of the feeding period and each 10 days thereafter until
terminated.

Urine and feces for each rat were separated and

collected on alternate days.

Two percent boric acid (1 ml) and

toluene (2.5 ml) were added to the urine collection flask to prevent
bacterial growth and evaporation.

The volume of urine and weight of

feces for each 10-day period were determined for each rat.
was stored at 5°C until analyzed.

Urine

Feces were oven dried at 100°C

for 12 hours, ground by mortar and pestel, and stored at room
temperature.

The micro Kjeldahl method was employed for nitrogen

analysis, utilizing 1.0 ml urine samples and 0.5 g fecal samples.
The group of rats fed the protein-free diet was decapitated on
the tenth day.

Data collected from this group were used to estimate

endogenous nitrogen losses for the other groups during this period.
The remaining three groups were terminated after 30 days.

On

the
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day of termination, the rats were weighed, 5 ml blood were taken
using heparinized capillary tubes by bleeding the retro-ocular
capillary bed, and the rats were decapitated.

Blood samples were

ce ntrifuged and serum proteins determined using a Beckman DB-GT
grating sp ectrophotometer.

The carcasses were eviscerated and

we i ghed; livers and kidneys were separated and weighed.

Th e

c arcasses were autoclaved under 7 kg of pr e ssure per square inch for
t wo hours in small canning jars.

Autoclaved carcasses were later

diluted with an equal weight of water and homogenized in a Waring
bl ende r.

From 0.5 g samples of the homogenized rat "shake", carcass

n i t r ogen was determined by micro Kjeldahl method.

Calculations for protein quality
Protein efficiency ratio (PER), biological value (BV), apparent
biological value (BVapp), net protein utilization (NPU), and nitrogen
ef ficiency for growth (NEG) were calculated for the individual rat
from the formulas (1 through 5) given below.
F

=

f e cal nitrogen; U

= urinary

f eca l and urinary nitrogen; Cf
days; Ci

=

(I

= nitrogen intake;

nitrogen; Fo and Uo

=

= endogenous

final carcass nitrogen, after 30

initial carcass nitrogen, estimated from the group termi-

na t e d on day one as the average grams of carcass nitrogen per gram
of body weight.)
(1) PER = Change in body weight

Protein consumed
(2) BV

(3)

I

BVapp

F + Fo
U + Uo x 100
I - F + Fo

= .:;:__-=-_...;:;.
I
F
U
I - F

x 100

=

Utilized nitrogen x 100
Retained nitrogen
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(4) NPU

(5)

NEG

I - F + Fo - U + Uo x 100 Utilized nitrogen x 100
I
Intake nitrogen
Cf

Ci x 100

I - F

Change in body nitrogen x 100
Retained nitrogen

The meat values for each group were compared statistically.

Data

for PER, BVapp, and NEG were collected during the 30-day period.
Biological value and NPU were calculated from data collected during
the first 10-day period.
Iron Bioavailability

Diet preparation and composition
Four diets were formulated with all nutrients at adequate and
similar levels except iron (Table 6).

The mineral mixture (Table 7)

and vitamin mixture (Table 5) were similar to those used in the protein bioavailability experiment, except ferrous sulfate (FeS04 •
7 H2 0) was omitted.

Diets were mixed for about 3 minutes using an

electric mixer with epoxy coated bowl and paddle.

All equipment was

cleaned and rinsed in deionized water before each diet was mixed.
No iron was added to a basal diet.
20 ppm of iron to the basal + Feso
diet, 60.8 mg of Feso

4

Ferrous sulfate supplied about
4

diet.

In adding iron to this

• 7 H2 0 were dissolved

in 25 ml of deionized

water and poured in slowly while mixing the other ingredients.
Dextrose was added at appropriate levels to maintain equal proportions of all other nutrients, except iron, which was deficient in
one diet.

Analysis for iron was conducted as described aarlier.

Animals, animal care, and data collection
Forty weanling Sprague-Dawley male rats were obtained from

Table 6.

Composition of experimental diets used to determine iron bioavailability
(grams per 100 g diet)

EXPERIMENTAL DIETS
INGREDIENT
Basal

Basal + Feso4

MDT a

HDTb

50.00

FeS04 · 7 H20

-

0.0608

HDTa

-

-

-

MDTb

-

-

33.30

Caseinc

35.70

35.70

13.90

Mazola corn oil

18.50

18.50

4. 90

alpha-cellulose

2.50

2.50

2.50

2.50

mineral mixd

4.00

4.00

4.00

4.00

vitamin mixe

2.00

2.00

2.00

2.00

dextrose

37.30

37.30

39.35

41.50

Iron analysis, ppm

22.9

40.4

37.2

42.0

aMechanically deboned turkey, freeze-dried; bHand deboned rurkey, freeze-dried;
cVitamin-free casein, 84 percent protein; dMineral mixture, Table 7; eVitamin
mixture, Table 5

w
l/1

Table 7.

Mineral mixture added to diets us ed in determining iron bioa vailabili ty

Salt

g salt/kg mixture

Mineral

mg salt/kg diet

CuS04 ' 5 H20

0.7

Cu

28.0

KI

0.004

I

MgC03
Mnso 4 · H20

44.4

Mg

5.4

Mn

0.16
1780
45.4

CaHP04 · S H2o

773.7

Ca/P

KCl

120.5

K

4820

NaCl

47.6

Na

1900

1.8

Zn

720

Znso

4

' 7 H20

31000

UJ
0'\
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Simonsen Laboratories, Incorporated, 1180 C Day Road, Gilroy,
California, 95020.

The rats were individually housed in stainless

steel cages throughout the experimental period.

The rats were made

iron deficient by removing 0.7 ml of blood every third day from the
retro-ocular capillary bed with heparinized capillary tubes and by
feeding an iron-deficient diet for 10 days.

On

the day of allot-

ment, the rats were weighed and hemoglobin concentrations determined
according to the procedure uescribed by Crosby, Munn, and Furth
(1954).

The rats were then alloted into four groups of nine rats

to equalize average hemoglobin levels and body weight in each
group.

The initial hemoglobin concentrations ranged from 4.4 to

7.6 g per 100 ml of blood; the group average was 6.1 g per 100 ml.
The initial body weights ranged between 56 and 86 g; the average
weights for the four groups was 72 g, 74 g, 74 g, and 74 g.
Each group was fed one of the diets over an 11-day period.
Every rat received the same weight of food each day and distilled
water was allowed ad libitum.

On the eleventh day, the rats were

weighed, final hemoglobin concentrations determined, and spleen and
liver weights recorded.

From the food consumed and iron concentra-

tions of the diets, iron intakes were calculated.
Calculations for iron bioavailability
Hemoglobin regeneration, as an index of iron bioavailability,
was described in four ways for each diet treatment.

Calculations

were made on each rat and the group means compared statistically.
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Hemoglobin gain (gram per 100 ml) is calculated as the difference between final and initial hemoglobin concentrations.

Hemo-

globin concentrations were determined spectrophotometrically.
Hemoglobin gain (grams) is the difference between final and
initial hemoglobin levels.

Final and initial levels are calculated

as the product of body weight, hemoglobin concentration, and 6.5
percent blood.

Bing (1972) estimates 6.5 percent as the fraction

of a rats body weight that is blood.
Hemoglobin iron gain (mg) is the product of hemoglobin gain
(grams) and 3.35 percent iron.

Millikan (1939) specifies 3.35

perc ent as the fraction of hemoglobin that is iron.
Hemog lobin iron per iron intake (mg/mg) is simply hemoglobin
iron gain (mg) divided by the food iron consumption during the
period of study (Mahoney, Van Orden, and Hendricks, 1974).
Statistical Procedure
After collecting the data and computing the protein and iron
bioavailability scores for each rat, the mean of each group was
calculated.

Analysis of variance was computed, and differences

between dietary treatments were compared by the LSD method (Steel
and Terrie, 1960).
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RESULTS AND DISCUSSION
Compositional data, protein bioavailability data, and iron
bioavailability data will be presented and discussed individually
in this section.
Compositional Data

The results for proximate analysis and iron and calcium
analyses of MDT and HDT are presented in the first two columns of
Table 8.

The results are presented as a fraction of fresh weight.

Mechanically deboned and hand deboned turkey frame meat had
essentially the same levels of protein (17 percent) and moisture
(70 percent).

Fat levels for the two meats differed slightly

(13 percent for MDT and 10 percent for HDT), possibly due to the
difference in method of meat separation.
was 1.24 compared to 0.74 in HDT.

The percent ash in MDT

This difference in ash levels

could be a direct reflection of the increased bone content expected
in MDT (Grunden and MacNeil, 1973), as indicated by the much higher
calcium levels in MDT (543.0 ppm) compared to HDT (60.4 ppm).
Mechanically deboned turkey frame meat had 18.8 ppm iron compared
to 10.8 ppm iron for HDT.

This difference in iron content could be

due to the inclusion of hematopoietic tissue in MDT after the bones
are crushed in mechanical deboning and/or the inclusion of iron
particles from machinery wear.
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Proximate analysis data of three other laboratories (Scott,
1959; Watt and Merrill, 1963; Grunden, MacNeil, and Dimick, 1972)
are compared to the values determined in this research in Table 8.
Great variability is seen in the levels of protein, fat, moisture,
and ash reported for turkey meats by the various researchers.
Breed, age, and sex have all been shown to affect the protein, fat,
and moisture content of turkey (Scott, 1956).

Other causes of

variation are the sampling and deboning methods (Grunden and MacNeil,
1973; Field, Riley, and Corbridge, 1974b).

For mechanically deboned

meats, the greatest cause of variation is the quantity of meat left
on the frame being deboned.

Fleshy frames yield a higher percent

protein and lower percent fat and ash (Taylor, 1976).

The high

protein values reported for raw edible turkey meat by Scott (1956)
and Watt and Merrill (1963) are due to the higher quality of meat
analyzed, including cuts from the entire carcass.

The higher

moisture content genera lly seen in MDT could be forced from the
frames by the mechanical deboning process.

Variations in fat could

be due to differing fat levels in the birds being analyzed and in
the cuts of meat being analyzed.

Dark meat, for example, contains

more fat than light meat (Scott, 1956; Watt and Merrill, 1963).
Differences in level of moisture, fat, and bone are also related to
adjustments made on the mechanical deboning equipment (Field, Riley,
and Corbridge, 1974b).
Adjusting the deboner to increase the yield of mechanically
deboned meat also increases the percent bone solids (PBS) found in
the meat (Field, Riley, and Corbridge, 1974b).

The allowed upper

Table 8.

Proximate analysis, iron and calcium content, and percent bone solids (PBS) for mechanically
deboned turkey frame meat (MDT), hand deboned turkey frame meat (HDT), and whole turkey meat
(WT), reported on a moist weight basis.

Component

(this research)
14.5 kg, Grade C
tom turkey frames
MDT
HDT

(Grunden, 1972)a
24 week old
tom turkey frames
MDT

(Scott, 1959)b
26 week old, 12 kg
tom turkeys
WT

(Watt, 1963)c
turkeys
WT

Protein, %

17.0

16.9

12.8

22.2

20.1

Fat,

fo

12.9

10.2

12.7

9.5

14.7

Moisture, %

68.5

72.5

73.7

67.6

64.2

Ash,

fo

Iron, ppm
Calcium, ppm

1. 24

0. 74

18.8

10.8

543.0

60.4

PBSe

--

1.09

1.00

--

--

10-20

(Grunden, 1973)d
Young
Mature

0.18

0.32
0.55

aGrunden, MacNeil, and Dimick, 1972; bscott, 1959; cwatt and Merrill, 1963; dGrunden and MacNeil, 1973;
eFor mature birds and turkeys: PBS= (percent Ca - 0.015 percent) 4.55, Grunden and MacNeil, 1973.
+:t-'
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limit of PBS set fe deral regulations is 1 percent (Grunden and
MacNeil, 1973).

The formula, PBS= 4.55 x (percent calcium- 0.015

percent), was used to convert percent calcium to PBS (Grunden and
MacNeil, 1973).

Another factor affecting PBS levels is the maturity

of the animals being deboned.

The harder bones of matur e birds are

more calcified and fracture more easily, thus increasing bone
particles and calcium in MDT (Grunden and MacNeil, 1973).
From the proximate analysis data, one v10uld expect MDT and HDT
to be about equal in nutritive value.

Significant difference s

between the two meats are seen, however, in the mineral analysis.
The iron levels in MDT (18.8 ppm) are approximately equal to the
meat (20 ppm); while the lower iron levels in HDT (10.8 ppm) are
similar to the levels reported for white turkey meat (10 ppm).
From a compositional standpoint, MDT meat should be a much better
s ource of iron than HDT meat.

The vastly higher level of calcium

in the MDT product also indicates that this processed meat could be
a significant dietary source of calcium, providing over half as much
calcium as a n equal weight of whole milk (Grunden and MacNeil, 1973;
Watt and Merrill, 1963).
The amino acid composition (determined by gas-liquid chromatography) of MDT and HDT are presented in Table 9.

Both products are

similar in amino acid content with the exception that hydroxyproline
is 14 percent in MDT, reflecting lower levels of connective tissue.
Essential amino acid contents of MDT, HDT, casein, and the FAO/
WHO provisional amino acid pattern are compared in Table 10.
similar levels of essential amino acids are found in both meat

Very
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Ta bl e 9.

Amino acid composition of mechanically deboned turkey
fram e meat (MDT) and hand deboned turkey frame meat
(HDT).

Amino acid

HOT
MDT
(grams amino acid per 100 g protein)

Alanine

6.25

6.08

Valine

5.27

5.14

Glycine

5.55

5.51

Isoleucine

5.18

5.14

Leucine

7.98

7.73

Proline

4.43

4.40

Thr eonine

4.12

4.00

Se rin e

3.36

3.26

Methionine

2.69

2.76

Hydroxyproline

1.00

1.14

Phenylalanine

4.14

3.96

Aspartic acid

9.57

9.28

Glutamic acid

15.84

15.25

Tyrosine

3.36

3.36

Lysine

8.98

8. 71

Histidine

2.73

2. 77

Arginine

4. 84

4.29

Cysteine

0. 705

0.685

Tryptophan

1.02

TOTAL

94.49

.995
97.01

Table 10.

Essential amino acid levels and scores for mechanically deboned turkey frame meat
(MDT), hand deboned turkey frame meat (HDT), casein, and the FAO/WHO provisional
amino acid scoring pattern.

Amino acid

MDT
~grams

HDT
amino acid Eer 100

Caseh,a

FAO/WHOb

B Erotein) I (score)

Isoleucine

5.18/1.30

5.14/1.28

5.40/1.35

4.0

Leucine

7. 98/1.13

7. 73/1.10

9.49/1.36

7.0

Lysine

8.98/1.65

8.71/1.6

8.10/1.47

5.5

Methionine &
Cysteine

3.40/0.97

3.44/0.98

3.14/0.90

3.5

Phenylalanine & Tyrosine

7.50/1.23

7.32/1.22

ll.02/1.84

6.0

Threonine

4.12/1.15

4. 00/1.00

4.65/1.16

4.0

Tyrptophan

1.02/1.07

0.99/1.03

--

1.0

Valine

5.27/1.05

5.14/1.04

6. 72/1.34

5.0

-----------------------------------------------Total
Amino acid score

43.5
0.97

42.5
0.98

48.5
0.90

36.0
1.00

aaccording to FAO, 1970
baccording to FAO/WHO, 1973
.+:-.+:--
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products.

Methionine and cysteine, the sulfur containing entities,

are slightly limiting when compared to the FAO/WHO pattern; but the
difference is not significant.
are 0.97 and 0.98 respectively.

Amino acid scores for MDT and HDT
The score for casein is 0.90.

Compared to the amino acid levels reported in Table 1 for MDT
by Essary and Ritchey (1968), using a Technicon amino acid analyzer,
the results of this study are generally higher.

Scott (1959) deter-

mined essential amino acid levels of breast and leg meat in turkeys
by microbiological assay (Table 1), and his results are similar to
those reported in this study.

However, amino acid analyzes done by

different methods and researchers are difficult to compare.
Protein Bioavailability Data
The results of protein bioavailability tests comparing MDT and
HDT to casein are tabulated in Table 11.

The average gain in body

weight for the group fed the casein diet was significantly lower
(probability less than 0.05) than the average body weight gains of
any other group.

This difference may be due to the lmver protein

consumption of the casein fed group, caused by a lower protein level
in the diet.

No significant differences in body weight gain or food

and protein intakes between the groups fed turkey meat diets were
observed.
The standard bioassays, PER, BV, BVapp, NPU, and NEG did not
distinguish one protein source from another (probability less than
0.05).

Slightly higher total essential amino acids in MDT and a

Table 11.

Protein bioavailability of mechanically deboned turkey frame meat (MDT) and hand
deboned turkey frame meat (HOT).

Casein

MDT

HDT

Observations per mean
Initial body weight, gram
Final body weight, gram
Gain in body weight, gram

8
89
198
109

8
89
258
169

8
88
248
160

Percent protein in diet
Food intake, gram
Prot ein intake, gram

8.3
415.2
34.5

lO.Lj.
497.1
51.7

11.1
482.9
53.6

PER
BV
BVapp
NPU
NEG

LSD a
.05/.01
NS
47/63
43/58
NS
12.0/16.4

3.15
80.7
66.3
79.9
65.6

3.28
79.9
67.1
78.9
74.5

2.98
82.7
72.3
82.7
68.1

NS
NS
NS
NS
NS

Liver, % of body weight
Kidney, % of body weight

3.40
0. 6l+

3.94
0.64

3.91
0.66

NS
NS

Serum protein (gram/100 ml)

5.90

6.22

6.05

NS

aMean differences must be greater than the values indicated to be significant at the 5
percent or 1 percent level of probability. If no values are recorded, the mean differences
are not significant (NS) by F-test.
-+:--
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lower hydroxyproline content did not result in higher bioassay
values fo-e

l·~DT.

All five tests indicate that MDT, HDT, and casein

are of similar protein quality for the rat.
Protein efficiency ratio, BV, and NPU values for casein are
comparable to those reported by other researchers.

The average PER

value of casein determined in 37 different experiments is 2.86, with
a range from 2.15 to 3.49 (FAO, 1970), compared to a PER of 3.15
in this research.

The average of six BV studies reported for casein

was 79.7, with a range from 65.7 to 89.0 (FAO, 1970), compared to
80.7 in this tudy.

The three NPU values for casein reported in

FAO (1970) were 68.0, 70.4, and 72.2, all lower than the NPU of
79.9 determined in this research for casein.
Protein bioavailability data for turkey meat was not found in
the literature.

However, according to Chapman, Castillo, and

Campbell (1959), raw dried hamburger has a PER value of 2.68, and
FAO (1970) reported a BV for beef and veal of 74.3, determined from
an average of nine different studies.

Miller and Bender (1955) and

Block and Mitchell (1946) report ed NPU values for beef muscle of
71.5 and 76.0 respectively.
BV for pork of 74.0.

Mitchell and Carman (1924) reported a

A. P. de Groot (1963) reported a BV for cooked,

freeze-dried chicken meat of 73.5 and a NPU of 74.4.

Kik (1962)

reported a BV for light chicken meat of 72.4 and dark chicken meat
of 78.0.

These bioassay data reported for beef, pork, and chicken

are slightly lower than the PER, BV, and NPU values determined in
this research for turkey meat.
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From the bioavailability studies quoted, MDT and HOT seem to
better sources of protein than beef, pork, or chicken meat; however,
with the variability seen in the results of bioassays for protein
quality, the differences in PER, BV, and NPU values between turkey
and beef, pork, and chicken may not reflect absolute differences
in quality.

Experimental variables may account in large part for

the differences.
Iron Bioavailability Data

The results of the iron bioavailability experiment are presented in Table 12.
basal and basal

+

It is interesting to note that the rats fed

Feso

4

diets gained significantly more weight

(probabililty less than 0.05) than the rats fed the HDT diet.
Because nutrient consumption was maintained equal for each group,
the difference in body weight gain must be attributed to digestability differences between these diets.

It was observed that both

turkey meats were highly rancid, with formaldahyde levels of
mately 110 ppm for MDT and 125 ppm for HDT.

approx~

With high turkey fat

levels in the diets (MDT, 13.6 percent and HDT, 18.5 percent), fat
rancidity could have lowered the digestability and affected body
weight gain significantly.

Soft, diarrhea-like feces were observed

for the rats fed turkey meat diets, confirming digestability
problems.
Hemoglobin regemmtion data indicate that the iron in MDT and
HDT is utilized equally well; however, in all cases, the results
describing hemoglobin regeneration are slightly lower for the HOT

Table 12.

Iron bioavailability of mechanically deboned turkey frame meat (MDT) and hand deboned
turkey frame meat (HDT) compared to ferrous sulfate, measured by hemoglobin regeneration in anemic rats fed for 11 days.

Basal
Observations/mean
Initial body weight, g
Final body weight, g
Gain in body weight, g
Food intake, g/day
Fe intake, mg/day
Fe level in diet, ppm
Spleen, g
Liver, g
Total liver Fe, ug
Liver Fe, ug/g

9
72

112
40

Basal +
FeS04

MDT

HDT

9

9

9

74
114
40

74

74
103
29

llO
36

LSUa
0.05 / 0.01
NS
NS
9/13

6.9
0.174
22.9

7.0
0.311
40.4

7.0
0.322
42.0

6.9
0.283
37.2

NS
.00943/.012 7

0.468
3.44
102
30.1

0.473
3.12
110
34.4

0.450
3.90
124
33.5

0.429
3.75

NS
NS
NS
NS

6.09
10.60

6.10
9.43

6.10
9.17

NS
1.93/2.60

3.33
0.390
1.304
0.405

3.07
0.327
1.096
o. 387

1.39/1.88
0.101/0.137
0.343/0. 462
0.118/0.159

Initial hemoglobin g/100 ml
Final hemoglobin, g/100 ml

6.08
7.54

Hemoglobin regeneration
Hb gain, g/100 ml
Hb gain, g
Hb-Fe gain, mg
Hb-Fe/Fe intake, mg/mg

1.46
0.271
o. 906
0.519

4.47
0.511
1. 713
0.551

ll3
31.0

~ean differences must be greater than the values indicat ed to be significant at the 5 percent or
1 percent level of probability. If no values are record ed, the mean differences are not si gnif icant (NS) by F-test.

+:1.0
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group.

Differences in iron consumption were significant (probabilicy

l ess than 0.01) between the MDT and HDT groups, but these differences were accounted for by expressing iron utilization as milligram hemoglobin iron gain per milligram iron intake.

This method

failed to demonstrate a significant difference in the iron utilization of the two groups.
Comparing the test results of groups fed turkey meat diets
with the group fed basal

+ FeS04 diet, one finds significant differ-

ences (probability less than 0.05).

In all tests, ferrous sulfate

is the best iron source for conversion to hemoglobin.

If ferrous

sulfate is assigned a rating of 100 percent, MDT would be about
74 perc ent as efficient for hemoglobin regeneration and riDT would
be approximately 70 percent as efficient.

The efficiency with

which ferrous sulfate was converted to hemoglobin by the rats in
this experiment is similar to that reported by Mahoney, Van Orden,
and Hendricks (1971) for eight experiments conducted in six
different laboratories.

They report an average conversion effi-

ciency of 52 percent for ferrous sulfate, compared to 55 percent
efficiency in this study.
No data was found in the literature describing the utilization
of iron from poultry meat sources.

The 40 percent conversion

efficiency calculated in this experiment as the average for the
turkey meat diets agree well with that reported by Mahoney,
Van Orden, and Hendricks (1974) for dried egg (43 percent) and
ground beef (45 percent).
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It can be concluded that under the conditions of this experiment, the iron in MDT and HOT is equally utilized for hemoglobin
regeneration in rats.

Because the MDT has 74 percent more iron

than HDT, a given quantity of MDT would supply about 74 percent
more available iron than the same weight of HOT.
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SUMMARY AND CONCLUSIONS
The objectives of this research were to determine some of the
e ffects of mechanical deboning on the composition and the bioavailability of protein and iron in deboned turkey frame meat.

Proximate

analysis, iron and calcium analyses, and amino acid analysis were
conducted on samples of freeze-dried mechanically deboned and hand
deboned turkey meat.

Protein bioavailability was measured with

growing rats by PER, BV, NPU, and NEG.

Casein was the standard

protein used for comparative purposes.

Iron bioavailability was

measured by hemoglobin regeneration in anemic rats.

The meat

sources of iron were compared to ferrous sulfate.
The results of compositional tests are included in Tables 8
and 9.

Protein, fat, and moisture levels were similar in MDT and

HDT; but the mechanically deboned product had 68 percent more ash,
74 percent more iron, and 9 times more calcium than HDT.

Amino acid

levels were equal for MDT and HDT, with the exception that the hydroxyproline content of MDT was 14 percent lower.

The amino acid score

was approximately 0.97 for both meats.
The results of protein bioavailability tests are presented in
Table 11.

No significant differences in protein quality were

observed between MDT and HDT.

The results of PER, BV, NPU, and NEG

were very similar for the two meat treatments and casein.
The results of iron bioavailability tests are included in
Table 12.

No significant differences were observed in the hemoglobin
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regenerating ability of MDT and HDT.

The iron in both turkey meats

was approximately 74 percent as efficient as ferrous sulfate in its
conversion to hemoglobin.
Under the conditions of this experiment, we can conclude that
mechanically deboning turkey frames increases the levels of ash,
iron, and calcium but does not greatly alter the content of protein,
fat, and moisture.

Bioavailability tests indicate that mechanical

deboning does not affect the quality of protein and iron in turkey
frame meat.

However, the higher iron content makes MDT a signifi-

cantly better source of iron than HDT.
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